This paper explores optimal policy design in an estimated model of three small open economies: Australia, Canada and New Zealand. Within a class of generalized Taylor rules, we show that to stabilize a weighted objective of output, consumer price in ‡ation and nominal interest variation optimal policy does not respond to the nominal exchange. This is despite the presence of local currency pricing. Optimal policies that account for the uncertainty of model estimates, as captured by the parameters'posterior distrbution, give remarkably similar inference. In contrast to Brainard (1967) , the presence of parameter uncertainty need not lead to attenuated policy responses. However, if the Central Bank has an incorrect estimate of key structural parameters, such as the frequency of price setting in goods markets, then signi…cant welfare losses may result when using either the optimal policy rule or the empirical policy rule.
Introduction
Recent theoretical analyses have emphasized the importance of pricing to market assumptions for optimal exchange rate policy, monetary policy and macroeconomic dynamics. Whether a country has producer currency pricing or local currency pricing can give rise to rather di¤erent policy recommendations, even when the sole of objective of policy is to stabilize the domestic in ‡ation rate. For instance, Devereux and Engel (2003) show in a two country model with local currency pricing that optimal monetary policy stipulates stabilization of the nominal exchange rate. Similarly, Monacelli (2005) shows that local currency pricing induces a trade-o¤ in stabilizing domestic price in ‡ation and the output gap that is not present when the law of one price holds.
Despite these theoretical contributions there has been relatively little work on policy evaluation
in empirical small open economy models. This paper seeks to …ll this gap by exploring optimal policy design within an estimated structural model using data for Australia, Canada and New Zealand.
Of particular interest is whether policies in a class of generalized Taylor rule optimally respond to exchange rate variations as predicted by theory. Moreover, we assess the consequence of various sources of model uncertainty for the design of optimal monetary policy. To our knowledge, this is the …rst such study in a fully estimated small open economy model. 1 The analysis is pursued using generalizations of the small open economy framework proposed by Gali and Monacelli (2005) and Monacelli (2005) , in which a small and large country each specialize in the production of a continuum of goods subject to imperfect competition and price rigidities. 2 Following the latter, imports are subject to local currency pricing (through what could be considered a retail sector providing distribution services) giving rise to deviations from the law of one price.
We depart from their framework, by considering incomplete asset markets, the addition of other rigidities -such as indexation and habit formation -as well as a large set of disturbances which have been found crucial in taking closed economy models to the data as documented by, inter alia, Christiano, Eichenbaum, and Evans (2005) and Smets and Wouters (2002a) .
Using the empirical model, the optimal policy rule within a generalized class of Taylor-type rule is determined to minimize, subject to the constraints imposed by the estimated model, a weighted objective function in the variance of domestic consumer price in ‡ation, output and interest rates.
The Taylor rule posits that nominal interest rates are adjusted in response to output, output growth, in ‡ation, nominal exchange rate growth and past interest rates. Optimization occurs subject to several assumptions about central bank knowledge of the economy. Initially, policy is determined 1 Levin, Onatski, Williams, and Williams (2005) pursue a similar analysis for the closed economy case. 2 The model is technically a semi-small open economy model, as domestic goods producers have some market power. The model shall nonetheless be referred to as a small open economy. Note also that our analysis appeals to an earlier interpretation of the Gali and Monacelli (2005) of a small-large country pair, rather than as an analysis of a continuum of small open economies. 1 assuming model estimated parameters are known with certainty to take their median values. Then, following Levin, Onatski, Williams, and Williams (2005) , the performance in terms of the policy maker's loss of both the optimal policy rule and the estimated policy rule under speci…c parameter perturbations is evaluated. That is, we ask what are the welfare consequences of having an incorrect estimate of a particular parameter. This permits an assessment of whether uncertainty in speci…c components of the transmission mechanism are more important than others. Finally, we consider the optimal policy that results from taking into account all uncertainty regarding model parameters by using the posterior distribution of our estimates. This is rendered feasible by adopting a Bayesian approach to inference.
The central insights from our analysis are as follows. Optimal policies within the class of Taylortype rules do not respond to the nominal exchange rate. This is true regardless of whether parameter uncertainty is taken into account or not. Furthermore, this result is robust to a wide range of weight combinations for the components of the loss function. This …nding contrasts with Smets and Wouters (2002b) which provides evidence that optimal policies stipulate a response to exchange rate variations. Given the broad similarity of the models in these two studies, the di¤erence in conclusions may originate from the fact that we estimate a large number of parameters using likelihood-based inference rather than matching impulse response functions to estimate a small subset of model parameters and calibrating the remainder. We suspect that these two approaches to estimation give rise to distinct second order moments for model time series.
Optimal policies stabilize in ‡ation to a large degree. In the case of Australia the optimal policy gives rise to a standard deviation for in ‡ation of 0.1, far below the historical average. This is despite the presence of local currency pricing, which, as shown by Monacelli (2005) -in a model nested by our estimating framework -and others, induces a trade-o¤ in stabilizing in ‡ation and output.
This suggests, at least in the context of this model, deviations from the law of one price may not be too important in characterizing stabilization trade-o¤s and optimal monetary policy. Another characteristic shared by all countries is that optimal policies are highly inertial and respond strongly to growth in output. The strength of the response to output growth depends on the weight assigned to output stabilization relative to the other components of the loss function.
Analysis of individual parameter uncertainty reveals that having precise estimates of the degree of price stickiness in the domestic goods sector, the elasticity of labor supply and the degree of habit formation are important to welfare outcomes. Taking as given either the estimated policy rule or the above determined optimal policy, and holding …xed all other model parameters, deviations of any one of these structural parameters can lead to signi…cant losses. That these parameters emerge as important follows from the fact that: the degree of price stickiness interacts with strategic complementarities to give rise to more persistent and variable in ‡ation; habit formation in large part determines the dynamic properties of output; and the elasticity of labor supply regulates the e¤ects of technology innovations on marginal costs and, therefore, the time series properties of in ‡ation.
Interestingly, the open economy parameters do not give rise to variations in losses of the same magnitudes.
Despite large ‡uctuations in welfare losses arising from variations in individual parameters, simultaneously accounting for uncertainty in all model coe¢ cient estimates results in negligible changes in optimal policy relative to the case when parameters are known with certainty. Notwithstanding the small di¤erences in the coe¢ cients of the optimized Taylor-type rule, in some cases uncertainty leads to slightly more aggressive responses to output. This result stands in contrast to the classic attenuation result of Brainard (1967) , though is consistent with multivariate generalizations of that analysis as shown by Chow (1975) . Similar …ndings have also been documented for the closed economy case in the robust control literature -see Giannoni (2002) .
A number of robustness exercises are conducted. As shown by Justiniano and Preston (2006) , open economy DSGE models of the kind analyzed here have di¢ culty accounting for the transmission of international disturbances. To allay concern that our results are driven by this lack of transmission, we estimate an alternative model that accounts better for foreign in ‡uences on the evolution of the domestic economy. Rather than assuming the foreign block of the model to be proxied by U.S. data and treated as observed variables in estimation, we instead assume that foreign output, in ‡ation and interest rates are unobserved exogenous autoregressive processes. This permits an agnostic view of the precise nature of these shocks and also addresses possible concern that the U.S. may not provide an accurate representation of foreign trade in goods and assets for these small open economies. While the resulting model gives rise to a substantially greater role of foreign sourced disturbances in the dynamics of domestic variables, our broad conclusions regarding optimal policy design are virtually identical.
The second key robustness exercise focuses on the choice of prior and model identi…cation. A number of recent papers have raised concerns about identi…cation in DSGE models -see Lubik and Schorfheide (2005) and Justiniano and Preston (2006) for discussions in the context of open economy models. More speci…cally, Canova and Sala (2005) and Fukac, Pagan, and Pavlov (2006) explore implications of identi…cation problems for inference and speculate on consequences for policy evaluation. We connect to this discussion by considering a more agnostic prior on two key parameters: the degree of price indexation and habit formation. The resulting estimates are revealed to parameterize persistence with a di¤erent con…guration of parameter values having a very low degree of price indexation and a greater degree of rigidity in price setting in domestic and imported goods sectors relative to the benchmark prior. However, the second moments implied by the model are largely unchanged as are our conclusions on policy design.
3
This paper most closely relates to Smets and Wouters (2002b) and the references therein on policy evaluation in empirical small open economy models. Lubik and Schorfheide (2003) also consider whether there is evidence that Australia, Canada, New Zealand and the United Kingdom have had monetary policies that depend on nominal exchange variations. However, they do not address the question of optimal policy or the consequences of model uncertainty. It is also builds on the ever growing literature on estimating small open economy models using Bayesian methods -see Ambler, Dib, and Rebei (2004) , Bergin (2003 , 2004 ), Del Negro (2003 , Dib (2003 ), Ghironi (2000 , Justiniano and Preston (2004, 2006) , Schorfheide (2003, 2005) , Lubik and Teo (2005) and Rabanal and Tuesta (2005) .
The paper proceeds as follows. Section 2 lays out the theoretical model. Section 3 discusses the data, estimation methodology, the prior and identi…cation. Section 4 presents the baseline estimation results and properties of the model implied second order moments. Section 5 presents the optimal policy exercises and assesses the implications of parameter uncertainty for policy design. Section 6 analyzes the robustness of our conclusions to the speci…cation of the foreign block. Section 7 returns to our choice of priors and a set of identi…cation issues and implications for policy inference. Finally, Section 8 concludes.
A Simple Small Open Economy Model
The following section sketches the derivation of key structural equations implied by the model proposed by Monacelli (2005) and its closely related precursor Gali and Monacelli (2005) when allowing for incomplete asset markets, habit formation and indexation of prices to past in ‡ation.
These papers extend the microfoundations of the kind described by Clarida, Gali, and Gertler (1999) and Woodford (2003) for analyzing monetary policy in a closed-economy setting to an open economy context. For additional detail the reader is encouraged to consult Monacelli (2005) .
Households
Households are assumed to maximize
where N t is the labor input; H t hC t 1 is an external habit taken as exogenous by the household;
; ' > 0 are the inverse elasticities of intertemporal substitution and labor supply respectively; and " g;t is a preference shock. C t is a composite consumption index
where C H;t and C F;t are Dixit-Stiglitz aggregates of the available domestic and foreign produced goods given by
where is the share of foreign goods in the domestic consumption bundle; > 0 the elasticity of substitution between domestic and foreign goods; and " > 1 is the elasticity of substitution between types of di¤erentiated domestic or foreign goods.
Assuming the only available assets are one period domestic and foreign bonds, optimization occurs subject to the ‡ow budget constraint
for all t > 0, where D t denotes the household's holding of one period domestic bonds, and B t one period foreign bonds with corresponding interest rates i t and{ t . The price indices P t , P H;t and P correspond to the domestic CPI, domestic goods prices and foreign prices respectively and are formally de…ned below. T t denotes lump-sum taxes and transfers. Following Benigno (2001) , Kollmann (2002) and Schmitt-Grohe and Uribe (2003) , the function t ( ) is interpretable as a debt elastic interest rate premium given by
is the real quantity of outstanding foreign debt expressed in terms of domestic currency as a fraction of steady state output and~ t a risk premium shock. The adopted functional form ensures stationarity of the foreign debt level.
Implicitly underwriting this expression for the budget constraint is the assumption that all households in the domestic economy receive an equal fraction of both domestic and retail …rm pro…ts. Hence the …nal two terms in the ‡ow budget constraint represent the income received from operation of the domestic and imported goods sector …rms discussed below (both taken as given in the optimization problem). Absent this assumption, which imposes complete markets within the domestic economy, the analysis would require modeling the distribution of wealth across agents.
That same assumption also ensures that households face identical decision problems and therefore choose identical state-contingent plans for consumption.
The household's optimization problem requires allocation of expenditures across all types of domestic and foreign goods both intratemporally and intertemporally. This yields the following set 5 of optimality conditions. The demand for each category of consumption good is C H;t (i) = (P H;t (i) =P H;t ) C H;t and C F;t (i) = (P F;t (i) =P F;t ) C F;t for all i with associated aggregate price indexes for the domestic and foreign consumption bundles given by P H;t and P F;t : The optimal allocation of expenditure across domestic and foreign goods implies the demand functions
where
is the consumer price index. Allocation of expenditures on the aggregate consumption bundle satis…es
and portfolio allocation is determined by the optimality conditions
for Lagrange multiplier t . The latter condition when combined with (2) gives the usual Euler equation.
Domestic Producers
There are a continuum of monopolistically competitive domestic …rms producing di¤erentiated goods. Calvo-style price-setting is assumed allowing for indexation to past domestic goods price in ‡ation. Hence, in any period t, a fraction 1 H of …rms set prices optimally, while a fraction 0 < H < 1 of goods prices are adjusted according to the indexation rule log P H;t (i) = log P H;t 1 (i) + H;t 1
where 0 1 measures the degree of indexation to the previous period's in ‡ation rate and H;t = log(P H;t =P H;t 1 ). Since all …rms having the opportunity to reset their price in period t face the same decision problem, they set a common price P 0 H;t . The Dixit-Stiglitz aggregate price index therefore evolves according to the relation
Firms setting prices in period t face a demand curve
6 for all t and take aggregate prices and consumption bundles as parametric. Good i is produced using a single labor input N t (i) according to the relation y H;t (i) =" a;t N t (i) where" a;t is an exogenous technology shock.
The …rm's price-setting problem in period t is to maximize the expected present discounted value of pro…ts
where M C T = W T =(P H;T"a;T ) is the real marginal cost function for each …rm, assuming homogenous factor markets, subject to the demand curve, (7). The factor
T t H
in the …rm's objective function is the probability that the …rm will not be able to adjust its price in the next (T t) periods. The …rm's optimization problem implies the …rst order condition
Retail Firms
Retail …rms import foreign di¤erentiated goods for which the law of one price holds at the docks.
In determining the domestic currency price of the imported good …rms are assumed to be monopolistically competitive. This small degree of pricing power leads to a violation of the law of one price in the short run.
Retail …rms face a Calvo-style price-setting problem allowing for indexation to past in ‡ation.
Hence, in any period t, a fraction 1 F of …rms set prices optimally, while a fraction 0 < F < 1 of goods prices are are adjusted according to an indexation rule analogous to (5). The Dixit-Stiglitz aggregate price index consequently evolves according to the relation
and …rms setting prices in period t face a demand curve
for all t and take aggregate prices and consumption bundles as parametric. The …rm's price-setting problem in period t is to maximize the expected present discounted value of pro…ts
# subject to the demand curve, (10). The factor
T t F
in the …rm's objective function is the probability that the …rm will not be able to adjust its prices in the next (T t) periods. The …rm's optimization problem implies the …rst order condition
International Risk Sharing and Prices
From the asset pricing conditions that determine domestic and foreign bond holdings, the uncovered interest rate parity condition
follows, placing a restriction on the relative movements of the domestic and foreign interest rate, and changes in the nominal exchange rate.
The real exchange rate is de…ned asq t ẽ t P t =P t : Since P t = P F;t , when the law of one price fails to hold, we have~ F;t ẽ t P t =P F;t 6 = 1, which de…nes what Monacelli (2005) calls the law of one price gap. The models of Gali and Monacelli (2005) and Monacelli (2005) are respectively characterized by whether or not~ F;t = 1.
General Equilibrium
Goods market clearing requires
in the domestic economy. The model is closed assuming foreign demand for the domestically produced good is speci…ed as
where > 0. This demand function is standard in small open economy models (see Kollmann (2002) and McCallum and Nelson (2000) ) and nests the speci…cation in Monacelli (2005) by allowing to be di¤erent from , the domestic elasticity of substitution across goods in the domestic economy, in order to give additional ‡exibility in the transmission mechanism of foreign disturbances to the domestic economy. However, our results are una¤ected by the parametrization of this demand function. 3 Domestic debt is assumed to be in zero net supply so that D t = 0 for all t. 4
The analysis considers a symmetric equilibrium in which all domestic producers setting prices in period t set a common price P H;t . Similarly, all domestic retailers choose a common price P F;t .
Finally households are assumed to have identical initial wealth, so that each faces the same period budget constraint and therefore makes identical consumption and portfolio decisions.
Finally, monetary policy is assumed to be conducted according to a Taylor-type rule discussed in the subsequent section. Fiscal policy is speci…ed as a zero debt policy, so that taxes are equal to the subsidy required to eliminate the distortion induced by imperfect competition in the domestic and imported goods markets.
Log-linear approximation to the model
For the purpose of the empirical analysis, a log-linear approximation of the model's optimality conditions around a non-stochastic steady state is employed. We here discuss the key structural equations that emerge from this analysis. All variables are properly interpreted as log deviations from their respective steady state values. Relations pertaining to the domestic economy are discussed followed by those for the foreign economy.
A log linear approximation to the domestic household's Euler equation (4) provides
In the absence of habit formation, when h = 0, the usual Euler equation obtains. To derive a relationship in terms of domestic output, a log-linear approximation to the goods market clearing condition implies: 
Thus, equilibrium domestic consumption depends on domestic output and three sources of foreign disturbance: the terms of trade, deviations from the law of one price and foreign output.
The terms of trade and the real exchange rate are related according to
so that the real exchange rate varies with deviations from the law of one price and also di¤erences in the consumption bundles across the domestic and foreign economies.
A log-linear approximation to domestic …rms' optimality conditions for price setting and the price index, (6), imply the relation
is the real marginal cost function of each …rm. Thus domestic price in ‡ation, H;t = p H;t p H;t 1 , is determined by current marginal costs, expectations about in ‡ation in the next period and the most recent observed in ‡ation rate. The latter appears as a result of price indexation. In the case of zero indexation to past in ‡ation, = 0, the usual forward looking Phillips curve arises. In contrast to a closed-economy setting, domestic goods price in ‡ation depends on three sources of foreign disturbance. There is a direct and indirect e¤ect of the terms of trade on …rms'marginal costs, with the latter operating through the terms of trade implications for equilibrium consumption. There are also the e¤ects of foreign output and deviations from the law of one price (recall relation (13)).
The optimality conditions for the retailers'pricing problem yields
Here, in ‡ation in the domestic currency price of imports, F;t = p F;t p F;t 1 , is determined by current marginal cost conditions given by F;t and expectations about next period's in ‡ation rate.
Again, that prices are indexed to past in ‡ation induces a history dependence on the most recent observed in ‡ation rate.
The uncovered interest-rate parity condition gives
while the ‡ow budget constraint implies
where a t = log(e t B f t =(P t Y )) is the log real net foreign asset position as a fraction of steady state output.
The model is closed by specifying monetary policy which is conducted according to the Taylortype rule
so that the nominal interest rate is determined by past interest rates and also responds to the current CPI in ‡ation rate, output, output growth and the change in the nominal exchange rate.
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The …nal term, " M;t , is a monetary policy shock or implementation error in the conduct of policy.
The domestic CPI and home goods prices are related according to
The domestic block of the economy is therefore given by equations (13)- (21) in the 9 unknowns c t ; y t ; i t ; q t; s t ; t ; H;t ; H;t ; F;t : Given processes for the exogenous disturbances f" a;t ; " M;t ; " g;t ; " s;t g and f t ; y t ; i t g this linear rational expectations model can be solved using standard methods. The disturbances f" a;t ; " g;t ; " s;t g are assumed to be independent AR (1) processes and f" M;t g an i.i.d. process. The determination of the foreign block f t ; y t ; i t g is discussed in the subsequent section. In estimation, we only make use of observable series for fy t ; i t ; q t ; H;t ; t ; y t ; i t g and therefore exploit only a subset of cross-equation restrictions implied by the model.
The Foreign Economy
In Monacelli (2005) the foreign economy is speci…ed as the closed-economy variant of the model described above. However, because the foreign economy is exogenous to the domestic economy,
we have some ‡exibility in specifying the determination of foreign variables. Rather than take a literal interpretation of the Monacelli model, we instead assume that the paths of f t ; y t ; i t g are determined by autoregressive processes of order one. Estimation assuming a vector autoregressive process of degree one in these three variables yielded similar results. Hence, de…ning z t = [y t ; t ; i t ] 0 as the vector of foreign variables, the data generating process is assumed to take the form:
where A is a diagonal coe¢ cient matrix of appropriate dimension and " t an error vector with the usual properties. This speci…cation has the advantage of not imposing tight cross-equation restrictions implied by a structural model and therefore allows for a more ‡exible representation of the reduced form dynamics of these variables.
Data
For all three countries, Australia, Canada and New Zealand, estimation uses quarterly data on output, in ‡ation, interest rates and the real exchange rate. GDP is per-capita in log deviations The real exchange rate is expressed in log-di¤erence for the estimation.
For speci…cations in which the foreign block is observable we assume it to be reasonably proxied In summary, for each country the model is taken to the data using 7 observable series and the same number of disturbances. We demean the series before the estimation.
Estimation
Our objective is not only to estimate the parameters of the DSGE model speci…ed in the previous section using Bayesian methods, but also to provide an accurate characterization of uncertainty surrounding these estimates and its impact on policy design. Therefore, we aim to characterize the posterior distribution of the model parameters 2 . Given a prior, ( ), the posterior density is proportional to the product of the likelihood and the prior. As described by Schorfheide (2000) , posterior draws for this density can be generated using a random walk metropolis algorithm and An optimization algorithm (Christopher Sims' csminwel) is used to obtain an initial estimate of the mode. We start the maximization algorithm from a number of random draws from the prior -before launching the MCMC chains -and check that the optimization routine always converges to the same value. 6 This is a useful diagnostic for the presence of identi…cation problems, conditional on a given set of priors. Indeed, our experience is that this is a crucial in identifying local modes which may achieve almost identical values of the posterior with sometimes rather di¤erent con…gurations of coe¢ cients. Of course, this procedure remains silent on the role of priors in achieving local identi…cation, which may be discerned by looking at univariate or 2-dimensional plots of the likelihood, or the Hessian. We shall return to the role of priors in aiding identi…cation later.
Having ensured a unique mode, the Hessian from the optimization routine is used as a proposal density, properly scaled to yield a target acceptance rate of 25%. For the MCMC results, …ve chains of 100,000 draws each were initialized by randomly selecting starting values (using an over dispersed normal density centered at the mode with a scaled-up Hessian as variance covariance matrix). For each chain, following a burn-in phase of 40,000 draws, convergence is monitored using CUMSUM plots and, for the overall chains, the potential scale reduction factors and con…dence interval variants of Brooks and Gelman (1998) .
The priors are described in the …rst three columns of Table 1 . The same priors are used for all countries. We adopt fairly loose Gamma priors, with large tails, for the inverse Frisch elasticity of labor supply as well as the elasticity of substitution between domestic and foreign goods, considering the plethora of estimates emerging from macro and micro studies. Similarly, our prior for the intertemporal elasticity of substitution easily accommodates values of 1 or 0.5 as used in the international business cycle literature, as well as substantially larger estimates, that may result from the absence of capital and the consumption of durables in our model -see Rotemberg and Woodford (1999) . Priors for the Calvo price parameters assume the presence of nominal rigidities centered at a compromise between traditionally large values obtained in macro studies and recent evidence of greater ‡exibility in prices in disaggregated data for the U.S. -see Bils and Klenow (2004) . For imported goods, it may be reasonable to assume a lower degree of stickiness. Nonetheless, estimated open economy models tend to produce fairly large deviations from the law of one price in the absence of cost push shocks in the imported goods sectors, as documented by Justiniano and Preston (2006) .
We follow Lubik and Schorfheide (2003) in specifying the prior for the parameters of the Taylor rule, except for output growth which is not considered in their analysis.
For the openness parameter, ; relatively tight priors are speci…ed close to the shares of trade to GDP. Habit and indexation have been found to be crucial for …tting closed economy models which suggests considering possibly large values for the parameters governing these intrinsic mechanisms of persistence. The prior for habit is fairly ‡at while we a-priori push towards intrinsic persistence in in ‡ation by choosing a beta prior centered at 0.7 for indexation. In section 8 we shall return to address the role of the priors in aiding identi…cation of these parameters and the consequences for policy design. As for the exogenous stochastic disturbances (risk premium, technology and preference) it is assumed these are fairly persistent, re ‡ected in a beta prior with a mean of 0.8 for the autoregressive coe¢ cients. Regarding the AR coe¢ cients for the foreign block, priors are centered on pre-sample individual AR regressions. Estimates obtained with an unrestricted, VAR were almost identical and do not alter any of our results. Finally, the priors for the standard deviations of the shocks are the same for foreign and domestic shocks, of the Inverse-Gamma 1 distribution, with in…nite variance by …xing the degrees of freedom at 2 and choosing the scale parameter which characterizes this density in order to obtain a mean of 0.5.
Results
The following section details a number of properties of the estimated models. The baseline estimates are presented for each country and the model's ability to …t particular second order characteristics of the data discussed. has fairly wide posterior probability bands. Optimal price setting in the production of home goods displays some variation across countries. At the median of our parameter estimates, …rms re-optimize prices approximately every 1.5, 3 and 2 quarters respectively in Australia, Canada and New Zealand.
Estimates
These numbers are somewhat lower than typically found in closed economy studies based on U.S.
data. Perhaps more surprising is the …nding that prices in the imported goods sector are adjusted at roughly the same frequency as home goods prices, every two quarters.
The parameter describing the openness of the economy, , takes plausible values that are consistent with the …ndings of Lubik and Schorfheide (2003) . Regarding the role of intrinsic mechanisms of persistence, habit formation appears to play a less prominent role than in other studies, having a maximum value of 0.39 in Canada. In contrast, price indexation is a more important source of endogenous persistence, with coe¢ cient values in the neighborhood of 0.55 for all countries. Hence all prices are adjusted each period even if …rms do not have the chance to re-optimize by roughly 50 percent of the previous period's in ‡ation in each sector of production. Since these mechanisms have been found important in taking closed economy models to the data we revisit inference on these parameters in the context of identi…cation issues in DSGE models in section 7.
The policy parameters bear resemblances across countries as well. Di¤erences emerge in the responses to the nominal exchange rate and output growth, which are somewhat larger in Canada than in Australia and New Zealand. The response to the nominal exchange rate is consistent with Lubik and Schorfheide (2003) which similarly …nds that the Bank of Canada targeted nominal exchange rate variations in the conduct of monetary policy.
As expected, the estimates of the foreign block are remarkably similar across countries. Even though the foreign block is exogenous, in the sense that economic developments in each small country under consideration cannot feedback into the foreign block, it is not true that the foreign block is exogenous econometrically speaking. The cross-equation restrictions that result from uncovered interest parity tie the estimates of the foreign data generating process to domestic parameters.
Di¤erences in domestic parameter estimates across countries explain the small ‡uctuations in the coe¢ cients governing the evolution of the foreign block. While, for simplicity, we have chosen independent autoregressions for the elements of the foreign block, estimates are largely unchanged by considering a vector autoregression. 7
Finally, the exogenous disturbances in technology, preferences and the risk premium capture a signi…cant amount of persistence in the data having autoregressive coe¢ cients between 0.87 and 0.96 across all three countries. The estimated standard deviations are for the most part plausible, with the biggest di¤erences across countries emerging for the estimated technology shock. This standard deviation is 2.4 for Australia in contrast to 1.49 and 0.38 in New Zealand and Canada respectively.
As previously mentioned, we chose the same fairly uninformative priors for all standard deviations and countries to let the model reveal the sources of ‡uctuations in these economies.
Second order properties
To give further insight into the model estimates and their implications for …t, Table 2 presents a set of second order moments for the data and the corresponding statistics implied by the estimated model. The (5; 95) percent probability bands for these estimates are also presented and account for the small sample in simulating the model. 8 Taking Australia …rst, the small open economy model matches the second order characteristics reasonably well. The standard deviation of in ‡ation implied by the model is almost identical to the data, while those for interest rates and output are somewhat low and high respectively. Nonetheless, the data standard deviations fall comfortably within the 90 percent probability bands. The …rst order autocorrelations are also …t reasonably well with the exception of the change in the real exchange rate which has an estimated serial correlation close to zero. This re ‡ects the random walk hypothesis for the exchange rate and highlights the di¢ culty structural models have in matching the persistence and volatility of the real exchange rate -see Chari, Kehoe, and McGrattan (2002) and Justiniano and Preston (2006) for calibration and estimation based studies. We note, however, that the cyclical properties of the real exchange rate level, as implied by band-pass …ltered data simulated from the model, accord rather well with similarly …ltered data for all three countries. 9
For Canada the model provides a less accurate characterization of the data than for Australia.
The volatility of in ‡ation is over predicted while output and interest rates are under predicted.
Moreover, the data standard deviations for these variables fall outside the 90 percent probability bands. The real exchange rate is the best matched variable. The serial correlation properties are better matched, with the real exchange rate being an exception along with the …rst order correlation for output which falls on the boundary of the 90 percent probability band. Finally, for New Zealand similar remarks to Australia apply. The second order properties of output are better matched than in the case of Canada, and all second order properties bar the autocorrelation in the real exchange rate have broadly similar median estimates relative to the data. Accordingly, the (5; 95) percent probability bands encompass the sample statistics for all estimates.
Overall, the model performs reasonably well for all three countries, with the exception of the serial correlation properties of the log di¤erence in the real exchange rate, a feature shared by most 8 These moments are computed at the mode obtained in the …rst step of the estimation. Repeating this exercise over the draws, including parameter uncertainty, would deliver wider posterior bands. As such, we view this as a rather stringent comparison between model and data. 9 A number of studies, such as Chari, Kehoe, and McGrattan (2002) , have choesen to report this statistics, so it is included here for completeness. Note also, in our setup, deviations from interest parity captured by a risk premium shock which is close to a random walk account for most of the variations in the real exchange rate. 16 structural and reduced form models.
Monetary Policy Design and Uncertainty
Recent theoretical analyses have emphasized the importance of pricing to market assumptions for optimal exchange rate and monetary policy. Whether a country has producer currency pricing or local currency pricing can give rise to rather di¤erent policy recommendations, even when the sole objective of policy is to stabilize the domestic in ‡ation rate. For instance, Devereux and Engel (2003) show in a two country model with local currency pricing that optimal monetary policy stipulates stabilization of the nominal exchange rate. Similarly, Monacelli (2005) , in a model nested by the one estimated in this paper, shows that deviations from the law of one price leads to a trade-o¤ in the stabilization of in ‡ation and output in the absence of ine¢ cient variations in markups. His analysis overturns the closed economy result that stabilizing the in ‡ation rate serves to simultaneously stabilize the output gap and introduces an explicit motive to stabilize the exchange rate even when consumer prices are the sole objective of policy.
Despite these theoretical contributions there has been relatively little work on policy evaluation in empirical open economy models. In the small open economy literature, Smets and Wouters (2002b) consider the implications of imperfect pass through for optimal monetary policy, demonstrating that welfare maximizing policies introduce a motive to stabilize the exchange rate (see also the references therein). Lubik and Schorfheide (2003) , rather than explore the question of optimal policy instead seek to identify in the small open economies considered here as well as the United Kingdom, whether there is evidence that monetary authorities have responded to nominal exchange rate ‡uctuations.
They …nd that only in the case of Canada does there exist strong evidence supporting such responses.
The following sections build on these analyses by considering optimal policy in the estimated model of the previous section. Three exercises are pursued. First we look at the design of optimal monetary policies within the class of Taylor-type rule adopted in the empirical model. Initially, the policy rule coe¢ cients are chosen to minimize a quadratic loss function assuming that estimated model parameters take their median values. This elucidates whether the optimal policy requires nominal interest rates to be adjusted in response to nominal exchange rate ‡uctuations.
Second, following Levin, Onatski, Williams, and Williams (2005) , and assuming the central bank adopts either the empirical or optimal policy rule, we evaluate the welfare losses arising from having any particular parameter incorrectly speci…ed in the model. Here "incorrectly speci…ed"means that the parameter takes any value on the interval de…ned by the 99 percent posterior probability band implied by the MCMC estimation. This helps identify whether there are any components of model uncertainty that, at least when considered individually, are particularly relevant to policy design. In the present context, of speci…c interest is the impact of uncertainty on the open economy elements of the model in determining monetary policy.
Third, we determine the optimal policy rule that takes into account all parameter uncertainty implied by the estimated model. That is, we compute the policy rule that minimizes the expected loss, where expectations are also taken with respect to the posterior distribution of model parameters. This analysis is facilitated by a Bayesian approach to inference. It also allows taking into account the covariance between parameter estimates when quantifying the dispersion around the estimated model parameters and permits addressing an old question of whether parameter uncertainty leads to more cautious policy prescriptions, as suggested by the seminal analysis of Brainard (1967) .
Optimal Policy Rules
The policy maker seeks to minimize the objective function
where 0 < < 1 coincides with the household's discount factor and
is the period loss at any date t 0. The policy maker is therefore assumed to stabilize variation in consumer price in ‡ation, output and the nominal interest rates, where the weights x ; i > 0 determine the relative priority given to each of these objectives. The assumption of arbitrary weights
x ; i and the assertion that consumer price in ‡ation, output and nominal interest rate variation ought to be stabilized is questionable. Therefore, to gauge the robustness of our conclusions, we analyze the above loss function as the weights ( y ; i ) are varied over a …ne grid on the unit square.
Hence, we consider over one hundred objective functions and our conclusions are largely una¤ected by the precise choice of weights.
To simplify further, we consider the limiting case of this objective when goes to unity. This transforms the analysis of the loss function (24) into the analysis of the objective
a weighted sum of variances, and makes explicit the dependency of the variance calculation on model parameters. To focus on the e¤ects of model uncertainty on policy design, attention is restricted to optimal policies within a class of Taylor-type rules of the form
As in estimation, the policy maker is assumed to adjust nominal interest rates in response to contemporaneous values of in ‡ation, output, output growth, the nominal exchange rate growth and lagged observations of the nominal interest rate.
Partition the estimated parameters for a given model as = f p ; s g where s collects the structural parameters other than those determining policy p = i ; ; y ; y ; e and conformably partition the associated parameter space as = f p ; s g. 10 Let s denote the estimated median value of the structural parameters. In our …rst policy experiment the optimal policy coe¢ cients are chosen assuming the structural parameters are known and equal to s . Thus the e¤ects of parameter uncertainty are ignored and optimal policy is determined as
where the minimization is subject to the constraint that policy is given by (25) and aggregate dynamics are as determined in section 2. 11 The …nal restriction placed on the policy design is that the coe¢ cient on the lagged nominal interest rate must satisfy 0 i 1. The study of super-inertial interest rate rules is left for future research. Table 3 provides results for this optimal policy problem for two di¤erent objective functions, which di¤er according to the weight assigned to the stabilization of output. Consider the results for Australia when the median of our estimates, s , is used, and output is assigned a weight of y = 0:25 in the objective function. Optimal policies are highly inertial, characterized by a unit coe¢ cient on the lagged interest rate, prescribing the stance of policy in terms of the evolution of the …rst di¤erence of nominal interest rates, rather than the level. The optimal response to in ‡ation is large relative to typical estimates of this parameter -compare Lubik and Schorfheide (2003) and the estimated policy reaction functions in section 5. In contrast, the response to output and the nominal exchange rate is zero to the second decimal place. The latter is particularly surprising: despite the open economy dimension of the model and the existence of deviations from the law of one price, optimal policy does not require a direct response to exchange rate ‡uctuations to ensure that its objectives of stable output and in ‡ation are met. This is at odds with the theoretical literature which underscores models characterized by local currency pricing should give cause to respond to exchange rate ‡uctuations as an alternative channel by which to stabilize domestic prices. Furthermore, it is also suggests the …ndings of Lubik and Schorfheide (2003) of little evidence that the Reserve Bank of Australia has responded to exchange rate ‡uctuations, is part of an optimal policy framework, at least in this restricted family of Taylor-type rules. Finally, the response to output growth is larger taking a value of 0.61.
The second column gives results for an objective function that places greater weight on output stabilization. Similar comments apply. Note, however, that the response to output growth is some three times as large, and perhaps surprisingly, the response to in ‡ation is larger than in the case where y = 0:25.
The broad theme of the results for Australia carry over to Canada and New Zealand. For Canada, however, the response to in ‡ation in the optimal policy rule is far less aggressive. Indeed, under the objective with y = 0:25 response parameters obtained are in line with the estimated policy function. For New Zealand the optimal policy at the median estimates stipulate a strong response to in ‡ation and output growth, little response to the level of output and the nominal exchange rate and unit coe¢ cient on the lagged interest rate. These conclusions are valid regardless of the weight placed on output stabilization. As an example, Figure 1 pots the optimal exchange rate coe¢ cient as the weights ( y ; i ) are varied on the unit square. The coe¢ cients are tiny for all loss functions in the case of Australia and bounded by 0.02 and 0.04 in the case of Canada and New Zealand. 12 Further insight into the stabilizing properties of the optimal policy rules can be gained by looking at the standard deviations for in ‡ation implied by the optimal policies. In Australia the standard deviation of in ‡ation is 0.1 implying that the optimal policy approximates in ‡ation targeting, consistent with remarks made above. In the case of Canada and New Zealand the standard deviations are somewhat larger when y = 0:25 though remain small relative to the historical variation observed in the data. To shed light on why strict in ‡ation targeting might be optimal two points are worth making. First, in the closed economy version of this model (determined by setting = 0 so that foreign goods are a negligible part of the domestic consumption bundle), in ‡ation targeting is in fact optimal if the central bank is concerned only with stabilizing output and in ‡ation variation.
Because of the absence of a cost push shock in the Phillips curve complete stabilization of in ‡ation and output gap is possible. Second, as shown by Monacelli (2005) , introducing local currency pricing as done in the present paper, analogously to a cost-push shock, induces a trade-o¤ in the stabilization objectives between in ‡ation and the output gap. Variations in the law of one price gap shifts the achievable trade-o¤ between in ‡ation and output over time and importantly prohibits the complete stabilization of both these variables. What is perhaps interesting about the results of Table 3 is the …nding that despite the presence of this trade-o¤, optimal policy stabilizes in ‡ation to a large degree -most notably for the case of Australia -even when output and in ‡ation stabilization are given equal weight in the loss function.
For Canada and New Zealand, in ‡ation is largely stabilized when the weight on output is 0.25, but increasing y leads to larger in ‡ation volatility. The reduction in output variance across weights is most signi…cant for Canada, while in New Zealand, wide variations in the response coe¢ cient to output growth only bring about a small decline in output volatility. While strict in ‡ation targeting is not prescribed here, standard deviations for in ‡ation of 0.47 and 1.08 for New Zealand and Canada when y equals one are certainly consistent with the notion of ‡exible in ‡ation targeting -see Svensson (1997 Svensson ( , 1999 .
Overall, we interpret these results from this open economy model as suggesting that trade-o¤s caused by deviations from the law of one price might not be as important for describing optimal policy as suggested by the theoretical literature. Further evidence on this conjecture is adduced in section 7. Later we will also revisit whether the absence of an optimal response to the exchange rate is fundamentally related to the inability to predict changes in this variable which is largely driven by a risk premium shock -a manifestation of the exchange rate disconnect puzzle discussed by Obstfeld and Rogo¤ (2000) among others. Nonetheless, we acknowledge that given the somewhat arbitrary choice of weights in the policy maker's loss function, computing the fully optimal policy for the model consistent measure of welfare would be desirable in future work.
These …ndings di¤er from Smets and Wouters (2002b) which presents evidence in an empirical
small open economy model with local currency pricing that optimal policy does respond to exchange rate ‡uctuations. While the precise details of the underlying models di¤er, they do have the same basic elements. The biggest source of discrepancy in the two studies lies in the estimation methodology. Smets and Wouters estimate a small subset of model parameters by matching impulse response functions. Our conjecture is that confronting the model with data on a greater number of dimensions, as done in the likelihood-based estimation procedure of this paper, engenders considerably di¤erent second order moments which in turn delivers di¤erent optimal policy prescriptions. At the very least, this presents a signi…cant challenge for policy evaluation in small open economy models.
Individual Parameter Uncertainty and Welfare
The previous section considered optimal policy design assuming the policy maker knows model parameters with certainty. We now evaluate the robustness of these policy prescriptions to uncertainty regarding individual parameters. Rather than use the posterior distribution to capture the uncertainty inherent in any given model parameter, we follow Levin, Onatski, Williams, and Williams (2005) and ask what are the welfare implications of getting a particular parameter wrong. We assume that the policy maker adopts either the estimated policy rule, or the optimal policy rule obtained in section 6.1, and evaluates the magnitude of the welfare change induced by variations of a given parameter over an interval determined by the posterior uncertainty bands from estimation.
The thought experiment is one that assumes the policy maker knows with certainty the values of the remaining parameters. The approach has the advantage of clearly identifying for which parameters precise inference is crucial in order to avoid possibly large losses when designing monetary policy. Results are presented for a subset of the domestic structural parameters: the intertemporal elasticity of substitution, the elasticity of labor supply, the degree of habit formation and the degree of indexation of prices and the open economy parameters: the elasticity of substitution between home and foreign goods, the degree of openness and the Calvo price parameter in imported goods.
The remaining results are available on request. It is immediate that parameter variation can have large e¤ects on welfare under both the empirical and optimal policy rules. While the intertemporal elasticity of substitution gives rise to welfare variations of the order of 30 percent, errors in the estimation of the elasticity of labor supply and degree of habit formation give rise to more substantial losses. In the case of the former, losses are some 3 to 4 times larger if the elasticity takes less than a third its estimated value. Note, however, that the nature of the loss is asymmetric -overestimating this elasticity does not result in large variations in losses. The intuition is that as the labor supply elasticity increases (so the inverse declines) a given variance of the technology shock translates into more volatile marginal costs and therefore greater variability in in ‡ation. Similarly, the degree of habit formation has considerable implications for welfare as it increases over the estimated 99 percent probability band. While not shown, as habit approaches values nearing unity, the losses are considerably higher under the estimated and optimal policy rules. The degree of indexation matters little for the estimated welfare loss. As discussed later, this is consistent with the …ndings in section 8 that the degree of indexation is not well identi…ed by the data.
The Calvo parameter governing the frequency of price setting in home goods matters greatly for welfare. Under both the estimated policy rules and the optimal policy rule, higher values of this parameter engender signi…cant welfare loss, some 3 to 4 times that obtained under the estimated value. These losses arise even for moderate values of this parameter. The intuition for the relative importance of having a precise estimate of the Calvo price parameter is straightforward. The greater is the magnitude of this parameter the less frequently do …rms have the opportunity to reset their prices. This contributes to greater price dispersion and more persistent in ‡ation through strategic And therefore that a direct implication of foreign shocks mattering little for the evolution of domestic variables is that the parameters regulating the interaction of the domestic and foreign block play a muted role in determining the properties of domestic in ‡ation, output and interest rates and hence matter little for the design of policy.
To address this criticism, section 7 estimates a version of the model in which foreign disturbances explain a signi…cant fraction of the variance of domestic series. We preview the results of that section by noticing that while the elasticity of substitution between domestic and foreign goods and the degree of openness appear to become more prominent sources of variation in losses, it remains true that the degree of loss is signi…cantly smaller than those that would result from having, say, the incorrect Calvo pricing parameter on domestic goods. Furthermore, the Calvo pricing parameter in imported goods still remains largely irrelevant even in this set-up, providing indirect evidence that local currency pricing may not be too important for the characterization of macroeconomic data in these small open economies.
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Optimal Policy under Parameter Uncertainty
We now determine the optimal policy that takes into account the e¤ects of uncertainty regarding s on the choice of optimal policy coe¢ cients. The policy problem is:
where minimization is subject to the same constraints as before and where p( s j Y t ) is the estimated posterior distribution of the structural parameters. In determining the optimal policy coe¢ cients the policy maker integrates out the uncertainty surrounding structural parameters by making use of the posterior distribution for these parameters obtained from model estimation. 13 In contrast to section 5.1 this problem accounts for the covariance across all estimated model parameters.
The results of this exercise based on 5,000 draws are reported in columns three and four of that optimal policy at the median coe¢ cients and the fully optimal policy taking into account all parameter uncertainty give roughly the same loss. Indeed, the variances of in ‡ation, output and interest rates are identical to those obtained under the optimal policy at the median value of the estimated coe¢ cients. This provides some initial indication that the e¤ects of coe¢ cient uncertainty may be rather small for policy design.
For Canada, there are di¤ering implications of uncertainty on policy design depending on the weight placed on output in the objective function. In the case of a low weight, y = 0:25, attenuation obtains in the in ‡ation and output growth response coe¢ cients, while those on the level of output and the nominal exchange rate rise slightly. In contrast, when y = 1, this inference is reversed: the optimal policy responds more strongly to in ‡ation, output and output growth. Again, the variances of each variable appearing in the objective function change little when parameter uncertainty is accounted for. Hence, depending on the precise policy objectives and the estimated correlations between model parameters, uncertainty can lead to slightly attenuated or more aggressive policy responses but overall seems to matter little for the characterization of optimal policy. 1 3 It is important to note that this second approach to policy design, which entails discarding the draws of the policy parameters and retaining those of the non-policy block to represent p( sj Yt), is consistent with our estimation of the DSGE models. This is because Bayesian MCMC methods yield draws that correspond to the marginal densities of the model parameters. What we would have not been able to do, given our approach to inference, is to make any statements that required the conditional densities, say p( sj Yt; p), since we do not have samples from these ordinates in the estimation.
24
New Zealand reveals a …nal pattern of results. In the presence of parameter uncertainty the response to in ‡ation is attenuated, while the response to output growth is somewhat more aggressive, across both weight combinations. Taking all results together indicates that model uncertainty fails to have clear implications for the design of simple optimal monetary rules. Depending on the country at hand, more or less aggressive policy might obtain, though di¤erences are usually small both in terms of policy coe¢ cients and resulting welfare losses. This is not surprising. As Chow (1975) notes, in a multivariate setting the conclusions of Brainard (1967) for attenuation in policy need not obtain, depending on the covariance properties of the uncertain model parameters. Similarly, the robust control literature on optimal policy design, which is equivalent to Bayesian inference for a particular prior, demonstrates that model uncertainty can lead to more aggressive policy settingssee Giannoni (2002) . It follows that resolution of the implications of uncertainty for policy design is largely an empirical matter. What is clear from the present analysis is that parameter uncertainty matters little for the optimal policy coe¢ cients and the resulting second order properties of the macroeconomic variables in the objective of policy makers.
Unobserved Foreign Block
This section turns to the …rst of two robustness exercises. Rather than modeling the foreign block as been driven by autoregressive processes in observed U.S. in ‡ation, output and nominal interest rates, we instead treat this component of the model as unobserved following the analysis of Lubik and Schorfheide (2003) and Justiniano and Preston (2004) . Two possible criticisms motivate this alternative speci…cation. First, while for Canada the use of U.S. data as proxy for the foreign block may be plausible, it seems less appropriate in the case of Australia and New Zealand where construction of trade-weighted indices of the relevant foreign variables -including, for instance, Japan -seems more appropriate. Furthermore, it permits the model to be agnostic about the precise nature of the foreign disturbances and allows evaluating the sensitivity of results to the choice of observables used in estimation. Second, and related to this last point, the estimated model of section 2 is prone to some of the di¢ culties detailed in Justiniano and Preston (2006) .
In particular, variance decompositions reveal a limited role for foreign sourced disturbances in the evolution of domestic variables. It may be this feature of the model which engenders a negligible role for stabilizing exchange rate ‡uctuations in the design of optimal policy rules. Table 5 presents the estimates when the foreign block is treated as unobserved. We continue to assume that foreign output, in ‡ation and interest rate shocks follow …rst order autoregressive processes and we drop the domestic preference shock and the risk premium shock to ensure identi…cation of the exogenous disturbances. The prior used in estimation coincides with that employed in section 4 with the following exception: the prior on the foreign block autoregressive coe¢ cients 25 in the case of Canada were tightened around the corresponding estimates of the observable model to ensure convergence to a unique mode in the estimation. 14 For all three countries, coe¢ cient estimates exhibit similar patterns of variation across observed and unobserved foreign block models. Assuming a latent foreign block produces higher estimates of the intertemporal elasticity of substitution and conversely lower values for the inverse elasticity of labor supply. The Calvo price setting parameters typically take lower values, as do the degree of habit formation and the degree of price indexation. The measure of openness is identi…ed to be slightly higher in all models, while the elasticity of substitution between domestic and foreign goods is similar to the earlier estimates. As discussed in detail in Justiniano and Preston (2004) these parameter shifts largely take place to exploit the ‡exibility permitted by having an unobserved foreign block. Because the model is no longer constrained to …t the US time series it is free to exploit the variation inherent in these shocks to …t the domestic observable series. Not surprisingly, these foreign disturbances are found to explain a much greater fraction of the variation in domestic observables than in the model with an observable foreign block. The variance decompositions are presented in Table 6 without further comment.
Given these estimates, we revisit two of three policy exercises conducted earlier. First, the optimal policy within the same class of nominal interest rate rules is re-computed, taking as given that the median estimates of non-policy model parameters are known with certainty. Second, we consider the same parameter perturbations reported in Section 5.2. These two exercises are of particular interest in discerning both whether policy remains unresponsive to nominal exchange rate ‡uctuations, despite having a model in which foreign disturbances are more important, and also whether misspeci…cation in key parameters governing the international transmission of disturbances might give rise to greater losses in the context of such a model. The optimal policy results are reported in Table 7 . Casual inspection reveals the optimal policy coe¢ cients on nominal exchange rates to be zero across both countries and policy objective functions in all but one case. The sole exception is for Australia when the weight given to output stabilization is equal to unity. However, in this case the in ‡ation response coe¢ cient is equal to 99.17 and therefore represents a dominant source of variation in nominal interest rates. More importantly, it is clear from the variances of in ‡ation, output and nominal interest rates under the optimal policy that there is little di¤erence between the policies obtained when y = 0:25 and y = 1: We conclude the …nding that optimal policies within this class of Taylor rule do not respond to exchange rate variations is a robust one. Even when the economy has signi…cant variation driven by foreign sourced disturbances, it appears that local currency pricing and the associated departure from the law of one price does not induce much incentive to respond to nominal exchange rate ‡uctuations in order to bring about the stated policy objectives.
Finally, Figure 5 gives the analogous plots to Figure 3 for the case of the observed foreign block in the case of Canada only. The results for Australia and New Zealand are omitted as they are qualitatively and quantitatively similar to earlier results. Two key insights emerge from reconsidering the welfare losses from speci…c variations in individual parameters given that the central bank makes use of either the optimal or empirical policy rule. The …rst is that the elasticity of substitution between the domestic and foreign block and the degree of openness now gives rise to slightly larger welfare losses. However, these losses are small relative to those incurred from having poor estimates of the Calvo price parameter for domestic goods and the elasticity labor supply. The corresponding losses for Australia and New Zealand are smaller still.
The second observation regards the plot for the Calvo pricing parameter on imported goods. The welfare obtained under either the optimal or empirical policy rule is almost invariant to the degree of price stickiness in this sector across all three countries. This suggests once more that from a policy perspective the degree of deviations from the law of one price lead to very small variations in loss and, furthermore, that the model approximates one with producer currency pricing, in which case there is no independent reason to stabilize the nominal exchange rate. Note, however, that while it might be tempting to conclude this implies that local currency pricing is of little import to the …t of this model our results are quali…ed by an important caveat. In line with much of the recent empirical literature on open economy DSGE models we have abstracted from terms of trade data, which, if included as an observable variable in estimation, imposes additional cross-equation restrictions that require large deviations from the law of one price and which may therefore play a prominent role in policy design. Indeed, absent local currency pricing, this model predicts the terms of trade and real exchange rate to be proportional in a log linear approximation -a prediction clearly rejected by the data. Hence the choice of observables has non-trivial consequences for inference.
Mechanisms of Persistence and Priors
One surprising feature of the estimation results from section 4 is the low degree of endogenous sources of persistence in all three all countries. In fact, compared to many closed economy studies for a variety of countries, the structural estimates suggest domestic home goods prices are adjusted relatively frequently and habit formation and price indexation take values that are signi…cantly smaller that those associated, say, with similar models applied to U.S. data. Indeed, our choice of priors for these coe¢ cients was motivated by the large degree of habit and indexation usually reported usually in DSGE models estimated with U.S. or Euro Area data. See for instance Christiano, Eichenbaum, and Evans (2005) and Smets and Wouters (2002a) .
This section explores an alternative prior which is more agnostic about these sources of endoge-nous persistence and permits evaluating the relative importance of indexation and habit formation in describing dynamics. As such, this provides and open economy analogue to the study by Rabanal and Rubio-Ramirez (2005) which also analyzes the role of wage rigidity for the …t of a closed economy model. 15 To this end, we consider a prior with a uniform distribution on the (0,1) interval for coe¢ cients h and : In specifying an alternative prior we also modify prior beliefs concerning the intertemporal elasticities of substitution and labor supply, considering the important role of these coe¢ cients for policy design, as evidenced in section 6. Table 8 reports the resulting estimates. Comparison with Table 1 provides several interesting insights. Under the alternative prior, the Calvo pricing parameters typically rise, while the degree of price indexation falls dramatically (taking a value close to zero in the case of Australia) as does the standard deviation of the technology shock. Moreover, the inverse Frisch elasticity of labor supply falls somewhat. The degree of habit formation remains roughly unchanged highlighting that the data is quite informative about this feature the data across countries.
What is the intuition for the observed parameter changes? As the degree of indexation declines in ‡ation tends to be less persistent. To compensate, the Calvo pricing parameters both rise, leading to decreases in the frequency of price changes in the domestic and imported goods sectors. This in turn, combined with strategic complementarity in price setting, leads to greater persistence in in ‡ation. At the same time, a higher Frisch elasticity can also be shown to increase persistence. For a given standard deviation of technology shocks this would raise the variance of marginal costs and therefore in ‡ation. Hence, a lower technology standard deviation obtains.
Given that this more agnostic prior on the endogenous sources of persistence suggests price indexation matters little for the characterization of the data an important question is whether this matters for our conclusions on policy design. Table 9 reports the optimal policy coe¢ cients assuming that policy makers know the median coe¢ cient estimates with certainty. Across countries, the in ‡ation response coe¢ cients decline relative to the baseline prior, while the response coe¢ cients on output growth tend to rise somewhat. Furthermore, optimal policies induce a higher standard deviation under the alternative prior than do policies under the benchmark prior. This suggests that the decline in indexation engenders a less favorable in ‡ation-output trade-o¤.
Optimal policies continue to stipulate a negligible response to nominal exchange changes. Only for Canada are the policy coe¢ cients non-zero at the second decimal point, providing some support for the evidence adduced by Lubik and Schorfheide (2003) that the Bank of Canada has actively responded to the nominal in exchange rate over the past two decades and that such responses are part of an optimal policy framework. However, scrutiny of second order properties implied by policy when nominal exchange rate variations are removed (not reported) reveals them to be virtually identical to those reported in Table 9 .
To summarize, these results suggest that considering alternative priors characterized by a more agnostic stance on the sources of endogenous persistence arising through price indexation and habit formation give quite similar conclusions as our benchmark analysis. While suggesting that indexation is not too important in characterizing aggregate dynamics in the estimated models, optimal policies have the same broad qualitative properties. Most importantly, they once more reveal that optimal policy rules within the class of generalized Taylor rules considered in this paper do not respond to Assuming the policy maker knows the parameters of the structural model with certainty, the analysis …nds that optimal policy is highly inertial, having a unit coe¢ cient on past interest rates, and responds strongly to in ‡ation and output growth. However, optimal policy dictates a negligible response to nominal exchange rate changes. This …nding, and the fact that stabilization policy approximates in ‡ation targeting, particularly in the case of Australia, stands in contrast to the theoretical literature on optimal policy with local currency pricing and the empirical …ndings of Smets and Wouters (2002b) which suggest exchange rate stabilization is an important part of policy aimed at stabilizing domestic consumer prices. Moreover, the existence of local currency pricing introduces a trade-o¤ in the stabilization of output and in ‡ation. Our results suggest this tradeo¤ is small for Australia, though somewhat more prominent for Canada and New Zealand. An implication may be that local currency pricing is not too important to the characterization of these macroeconomic data.
The e¤ects of model uncertainty for optimal policy is assessed in two distinct exercises. First, we consider the performance in terms of welfare losses of both the estimated policy rule and the optimal policy rule derived assuming parameters are known with certainty to speci…c parameter perturbations. This reveals the Calvo pricing parameter in domestic goods production, the elasticity of labor supply and the degree of habit formation to be particularly important -if these parameters 29 take values that are in the neighborhood of the median estimates from estimation signi…cant losses can arise. Perhaps surprisingly, variations in the open economy parameters -i.e. the degree of openness, the elasticity of substitution between domestic and foreign goods and the Calvo parameter on imported goods -engender small losses in comparison.
Second, using the posterior distribution of estimated parameters, we determine the policies that minimize the expected welfare loss assuming that the estimated parameters are not known with uncertainty. The policies display the same broad characteristics as the policies that result assuming the structural parameters are known with certainty. However, depending on the country, accounting for uncertainty may lead to more or less aggressive policy responses to the variables appearing in the policy rule. 
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